The lag in effect of monetary policy contains vital information for the policy evaluation. Allowing for a time-varying treatment effect, we show that inflation targeting effectively lowers inflation for both developed and developing countries. Developed countries reach their targets rapidly with a two-year lag in effect. Developing countries, however, reduce inflation gradually toward their targets and do not reach their ultimate goal by the end year of 2007.
Introduction
Macroeconomists know that monetary policy affects prices with a lag, particularly, since Friedman (1961) . Friedman and Schwartz (1982, p. 412 ) report a long-run one-for-one response of inflation to an increase in money growth, with most of the response occurring within four years for the US and the UK. A part of the lag in effect of monetary policy reflects the speed with which monetary policy affects expected inflation.
A credible commitment to an inflation target can more quickly alter inflation expectations, thus shortening the lag in effect. Bernanke et al. (1999, p.320 ) describe a two-year lag between inflation targeting (IT) and its effect on inflation as a common estimate. Batini and Nelson (2002) reaffirm these results, showing that it takes one to four years between changes in monetary policy and the resulting change in inflation. Moreover, this result persists despite changes in monetary policy arrangements in the US and the UK.
Recent empirical research on the evaluation of IT produces mixed results, however. The debate centers on a decline in inflation since the early nineties. Ball and Sheridan (2005) examine the treatment effects of IT in 20 OECD countries, seven of which adopt IT. They discover that after adopting IT, the inflation rate of these countries improves. But, non-targeting countries also experience lower inflation around the same time. Thus, they argue that better inflation performance reflects factors other than the monetary regime and conclude that IT does not lower inflation.
Using matching methods or intervention analysis to evaluate IT for developed countries, Lin and Ye (2007) and Angeriz and Arestis (2008) , among others, arrive at similar conclusions. In contrast, Gonçalves and Salles (2008) and Lin and Ye (2009) discover that IT significantly lowers inflation in developing countries.
The lag in effect of monetary policy implies different treatment effects at different times after policy adoption. Ignoring the dynamics of the treatment effect, we argue, contributes to the mixed conclusions in the existing literature.
This paper provides evidence on the nexus between the lagged effects of IT on inflation and the policy evaluation. Our approach uses a time-varying treatment effect technique specifically designed to test for short-run and medium effects in IT adoption. We show that IT effectively lowers inflation for both developed and developing countries. Developed countries reach their targets rapidly in two years, whereas developing countries reduce inflation gradually toward their targets and do not reach their ultimate goal by the end year of 2007.
What do the data say?
The inflation rate equals the annual percent change of the consumer price index (CPI). We use annual observations from 20 developed and 68 developing countries over the years 1985 to 2007, including 8 and 12 IT countries and 12 and 55 non-IT control countries, respectively, in the developed and developing-country samples.
1 Table 1 lists the targeting countries, their policy adoption years and targets, the inflation rates of targeters in the adoption year, four years after the policy adoption, the end year of the sample, and their mean values, as well as the control countries.
The adoption years and targets of the IT countries come from International Monetary Fund (2005).
For developed and developing countries, the numerical inflation target typically reflects an annual rate for the CPI in the form of a range, a point target with a range, or a point target without any explicit range. In developed countries, all targets range between zero and three percent. The average of their mid-points equals 2.19 percent. For developing countries, target ranges generally exceed those for developed countries in level and/or range. The average of their mid-points equals 3.37 percent, much higher than the 2.19-percent average for developed countries.
The lagged effects of IT appear in the performance of the inflation rate in Table 1 . For the developed countries, the falling inflation rate at the end of second year (= 2.16) reaches the average of the mid-points of the targeted rate (=2.19) and then declines with small deviations to the end of our sample (= 2.17). For developing countries, the inflation rate drops (to 4.77) at the end of the first year, then keeps and falls slowly to the end of our sample (=3.66), which does not reach the average of the mid-points of the targeted rate (=3.37). Thus, a much longer lag length clearly exists between IT monetary policy and inflation for developing countries than for developed countries. We take the data for inflation rates from the International Monetary Fund World Economic Outlook Database.
What do the dynamic treatment effects say?
Using propensity score matching, the intertemporal average treatment effect on the treated (ATT)
of every period at and after the adoption year of IT depends on the following equation:
where and equal the values of the inflation rate at period t for countries i in the targeting group T and j in the control group C, respectively. and equal the predicted probabilities of adopting IT for countries i and j. equals the number of treated units. The match for each treated unit equals a weighted average of the outcomes of non-treated countries, is the region of common support, and equals the weight function. In this study, t equals 0, 1, 2, 3, 4, denoting the adopting year (t=0) and four years after (t=1…4).
We also estimate the cumulative average treatment effect in a period from the adopting year to the fourth year or from any year (τ ) since the policy adoption to the end of our sample (T) as follows:
This estimator provides an effect of IT in the short-run, the medium, or the long-run. Whenτ =0, the equals the long-run effect.
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For the developed countries, the data set contains 460 observations, of which 103 belong to the treated group and 357 belong to the non-treated group. For the developing countries, the data set contains 1,329 observations, of which 109 belong to the treated group and 1,220 belong to the non-treated group.
The first-stage probit regression that generates the propensity score matches includes lagged values of the inflation rate, the real GDP growth rate, the government budget surplus as a percentage of GDP, openness measured by exports plus imports as a percentage of GDP, and a dummy for a fixed exchange rate regime. Based on the common support region, we exclude 66 out of 357 and 434 out of 1,220 control units whose estimated propensity scores fall below the lowest scores for the developed and developing countries, respectively. This leaves 291 and 786 units to conduct matching and the ATT estimates. For developed countries, IT increases the inflation rate significantly in the adoption year.
Consistent with the basic message of Table 1 , however, the estimation results suggest that IT lowers inflation significantly in the first year after the policy adoption. The inflation gap shrinks in the second year and widens in the third year, although insignificantly. Since targeters achieve their inflation target in two years, inflation rates beyond the second year prove irrelevant and, thus, no more treatment effect emerges in the short run, the medium term, or the long run. No long-run treatment effect found in the literature also reflects the fact that, at the end of 2007, the average inflation rate of 2.17 for targeters matches closely to that of 2.03 for non-targeters.
Developing countries tell a totally different story. IT significantly lowers the inflation rate since the adoption year, except for two insignificant estimates when using the 3-nearest-neighbor matching. Targeters generally choose to reach their inflation targets gradually. In this study, eight years (from 2000 of the average adoption year to 2007 at the end of our sample) do not permit enough time to achieve the long-run outcome. The inflation rate of 3.66 in 2007 still exceeds the 3.37 percent average of the target range mid-points. The significant treatment effect or the above three-percent difference between targeters and non-targeters reflects that more than 3-percent gap exists in the two mean inflation rates (3.66 in targeters vs. 7.01 in non-targeters) in 2007. The evidence is more suggestive that developing countries adopt IT policy.
Conclusion
Our results show that developed and developing countries experience different time profiles when adopting IT. Thus, time lags play an important role in evaluating this policy. Developed countries lower inflation and reach their targets rapidly in two years. In contrast, developing countries reduce inflation gradually toward their targets and do not reach their ultimate goal by the end year of our sample in 2007. In sum, the lag in effect of IT proves shorter for developed relative to developing countries. 
